THE FIRST ELECTRON TUBE 


In 1904 John Ambrose Fleming wrote Guglielmo Marconi: “I have been 


receiving signals on an aerial with nothing but a mirror galvanometer 


and my device.” The device was the original thermionic vacuum diode 


ing, a British electrical engineer, 

demonstrated that a high-frequency 
alternating current could be rectified, or 
converted to direct current, by what 
looked like a dimly glowing incandescent 
lamp in which a flat metal plate was 
supported between the legs of a carbon 
filament in the form of a single loop. In 
his master patent, filed the next month, 
Fleming disclosed how his primitive vac- 
uum tube could be used as a signal de- 
tector in a wireless telegraph receiver 
circuit. Since his tube acted like a water 
valve allowing flow in one direction only, 
Fleming called it an “oscillation valve.” 
In describing it to Guglielmo Marconi, 
in his capacity as technical adviser to 
Marconi’s Wireless Telegraph Company, 
Fleming wrote: “This opens up a wide 
field for work. ... I have not mentioned 
this to anyone yet as it may become very 
useful.” Contrary to some accounts, 
Fleming did not casually make use of an 
effect first observed 24 years earlier by 
Thomas Alva Edison; by virtue of many 
careful experiments extending over two 
decades Fleming earned the right to be 
regarded as the inventor of the original 
electron tube. 

Electric lamps with glowing filaments 
were developed independently by Jo- 
seph W. Swan in Britain and Edison in 
America at the close of the 1870’s. Swan 
had been on the track of an incandes- 
cent-filament lamp for more than 30 
years. His precocious American rival was 
only 32 years old when he demonstrated 
his version of the incandescent lamp. 

Two important defects of the new 
electric lamp soon became apparent: 
the filaments broke and dark deposits 
formed on the inside of the bulb. Edison 
was particularly troubled by these de- 
fects because a reliable lamp with a rea- 
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sonable lifetime was an essential ele- 
ment in his new electric lighting system. 
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by George Shiers 


He quickly assumed that the deposit 
resulted from molecular bombardment. 
Believing that electrically charged par- 
ticles of carbon were being ejected from 
the filament, Edison decided to probe 
the bulb with a piece of wire to find out 
if it was possible to prevent “electric car- 
rying,” as he called it, and thus preserve 
the clarity of the glass. The deflection of 
a galvanometer needle when a galva- 
nometer was placed in a circuit between 
the wire probe and the positive lead of 
the glowing filament proved the truth of 
his notion. This flow of current through 
a vacuum—the “Edison effect”—contrib- 
uted nothing, however, toward helping 
Edison improve his lamp. 

This classic experiment was per- 
formed during the infancy of the incan- 
descent lamp. It is recorded as Experi- 
ment No. 1 and is dated February 13, 
1880, in an early Edison notebook [see 
illustration on page 108]. Nothing more 
was done in the ensuing months, prob- 
ably because the inventor’s time and en- 
ergy were fully devoted to the creation 
of his revolutionary power and lighting 
system. 

Edison returned to the lamp problem 
in the summer of 1882. An entry in one 
of his notebooks, dated July 5, shows a 
wire electrode inserted through the top 
of the bulb. Again the experiment gave 
way to more urgent work. Early in 1883 
Edison, pondering the strange currents 
within his lamps, went back to the prob- 
lem and began another series of experi- 
ments. A sketch of a new kind of lamp, 
one with a flat plate between the legs of 
the filament loop, appears in a notebook 
entry for March 8. Another entry for 
March 10 illustrates a similar lamp with 
a list of metals to be tried as the cold 
electrode. 

Edison found that the bulb current 
varied according to the temperature of 
the filament; it was therefore related 


to the voltage of the filament supply. 
Ignorant of the true nature of the phe- 
nomenon he had uncovered but eager to 
apply it, he conceived the idea of using 
the novel lamp as a voltage indicator. 
A working model was built in the sum- 
mer of 1883 and was demonstrated in 
1884 at an electrical exhibition in Phila- 
delphia (the first such exhibition in 
America). A patent was granted to Edi- 
son for this “electrical indicator” in Oc- 
tober of that year. Although the patent 
was of no commercial value, it is historic: 
it is the first patent in electronics. 


poe special lamp and its peculiar 
behavior naturally attracted atten- 
tion at the Philadelphia exhibition. The 
phenomenon was the subject of a note 
by Edwin J. Houston in the first issue of 
the Transactions of the American Insti- 
tute of Electrical Engineers, organized 
in the same year. One may reflect that if 
a simple experiment had been tried by 
any one of several able men who attend- 
ed the exhibition, a practical system of 
wireless telegraphy utilizing an electron 
tube could have been demonstrated four 
years before Heinrich Hertz proved the 
existence of electromagnetic waves. 
The experiment was not done, even 
though the means and the experimen- 
tal skills were available. Elihu Thomson 
had conducted experiments with electro- 
magnetic wave phenomena as early as 
1871 (experiments in which Houston 
played a part) and again in 1875. Edison 
had toyed with “etheric forces” that year, 
and his experiments were followed by 
those of Silvanus P. Thompson in 1876 
and of David E. Hughes in 1879. Even 
then a detecting device was a major 
need. In most such experiments sparks 
occurring at some distance from a source 
were taken as evidence of an etheric dis- 
turbance. It remained for Hertz to de- 
sign a detector consisting of a large loop 


FLEMING AND HIS “OSCILLATION VALVE” were photo- 
graphed in 1923, 19 years after he had discovered that his primitive 
electronic device could be used to rectify a high-frequency al- 
ternating electric current, thus making it suitable as a detector of 


wireless telegraph signals. His invention of the oscillation valve, 
better known today as a thermionic vacuum diode, marked the be- 
ginning of the age of electronics. At the time this photograph was 
made Fleming was 74 years old. He died in 1945 at the age of 96. 
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with a spark gap, and its sparking re- 
moved all doubt that electromagnetic 
radiation had traveled through space. 
Nonetheless, the rudimentary facts of 
generating, dispersing and detecting 
etheric radiations were known to many 
at the Philadelphia exhibition of 1884. 
They were not put to practical use until 
1896, when Marconi demonstrated his 
wireless telegraph. The Edison effect re- 
mained a laboratory curiosity for another 
20 years. 

The flow of ideas in electrical science 
was usually from Europe to the U.S. In 
the case of the embryonic electron tube, 
however, the sequence of events was re- 
versed. The tiny currents in the evac- 
uated space of the carbon-filament lamp, 
ultimately ignored by Edison and his 
compatriots, became the ward of a Brit- 
ish electrical engineer and educator. 


Pr Ambrose Fleming was born in 
Lancaster in November, 1849. He be- 
gan to prepare for a career in electrical 
engineering when he entered the Uni- 
versity College School in London at the 
age of 14. He continued his studies for 
several years, occasionally taking time 
out for commercial work, and started 
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teaching in 1871. After holding several 
posts as a teacher of science, Fleming 
entered the University of Cambridge 
at the age of 28, where he divided his 
time between his studies and laboratory 
work under the guidance of James Clerk 
Maxwell. 

Both Edison and Swan formed com- 
panies in Britain to develop their elec- 
tric lamps; eventually they consolidat- 
ed their interests. Fleming became a 
consultant to the Edison Electric Light 
Company in 1882 and was soon involved 
in problems of the incandescent lamp. 
His first paper on the subject of “molecu- 
lar radiation” was read to the Physical 
Society in May, 1883. He described how 
volatilization of the carbon filament and 
of copper from the lead-in clamp pro- 
duced the dark deposits seen inside the 
bulb. He identified a narrow line free 
from deposit as a “shadow” of the loop, 
and he concluded, as Edison had, that 
some kind of molecular emission was go- 
ing on inside the bulb. 

Fleming reported similar observations 
in a second paper, also to the Physical 
Society, in June, 1885. Since ordinary 
lamps were used there is no mention of 
internal currents in these papers, nor is 
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there any reference to the most impor- 
tant clue: the polarity of the leads. This 
omission seems surprising, but it can be 
partly explained by the fact that Flem- 
ing was examining used lamps and was 
not working with glowing lamps in a 
laboratory circuit. 

William Henry Preece, then chief 
electrician of the British Post Office, vis- 
ited the Philadelphia exhibition of 1884. 
He obtained some sample lamps from 
Edison and began to experiment with 
them soon after returning to Britain. 
Preece announced his results in a paper 
read to the Royal Society of London 
early in 1885. He repeated several 
of Edison’s experiments, including one 
with a side extension set at right angles 
to the bulb, and he also tried the shield- 
ing effect of a piece of mica over the col- 
lector plate. Preece generally confirmed 
the results obtained by Edison, and it 
was he who named the basic phenome- 
non the Edison effect. He also remarked 
on a “blue glow” that appeared in the 
lamps at a critical temperature, which 
was of course directly related to voltage. 

Meanwhile independent investiga- 
tions were being conducted in Germany, 
in a continuing line of research that had 
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CHRONOLOGY OF INVENTION from 1879 to 1907 traces the line 
of work that led from the incandescent lamp of Thomas Alva Edison 
and Joseph W. Swan to Fleming’s oscillation valve. Prior investiga- 
tions into “thermionic emission” by Edison in the U.S., William 


106 


Henry Preece and Fleming in Britain, and Wilhelm Hittorf, Eugen 
Goldstein, Julius Elster and Hans Geitel in Germany were united 
in FJeming’s experiments of 1889. A tube made by Fleming in 1889, 
which was virtually the same as one devised by Edison in 1883, was 


begun in the late 1860’s. Wilhelm Hit- 
torf had employed vacuum tubes with 
cold electrodes in his pioneer studies of 
gaseous conduction. In 1884 he experi- 
mented with platinum electrodes and 
found that the resistance of the evacu- 
ated space was reduced when the nega- 
tive electrode was heated. Hittorf also 
observed unilateral conductivity, and he 
noted that the conductivity could be in- 
creased by raising the cathode tempera- 
ture or by lowering the pressure inside 
the tube. Eugen Goldstein, another able 
investigator of electrical conduction in 
gases, carried out similar experiments 
the following year and confirmed Hit- 
torf’s results. 

Julius Elster and Hans Geitel, later 
well known for their studies of photo- 
conductivity, reported a series of experi- 
ments on electrical conduction in flames 
and heated gases from 1882 to 1889. 
One of their devices had a straight plati- 
num filament and a flat platinum plate 
in a highly evacuated bulb. After try- 
ing a variety of electrode arrangements 
they concluded that charged particles 
were being dispersed uniformly from 
the glowing electrode; they also reported 
that conductivity was in one direction. 


The knowledge gathered by the Ger- 
mans does not appear to have been uti- 
lized by them for further research or 
for practical ends. Fleming, however, re- 
sumed his investigation of the Edison 
effect in 1889. Building on the American 
and German discoveries and the work 
of Preece, he started a line of work that 
eventually led him to his oscillation 
valve. Two different fields of endeavor 
came together in Fleming’s hands. The 
Germans were scientists; their contribu- 
tions were in the tradition of physical 
investigation. Edison was an inventor; 
he made his discovery through curiosity 
prompted by urgent technical needs. 
Fleming was neither an inventor nor a 
scientist but a practicing engineer and 
a teacher. His interest in the properties 
of a lamp with an auxiliary electrode 
arose through his close association with 
the electric lighting industry and with 
the training of engineers. Thus Flem- 
ing’s motivation appears to have been 
chiefly academic; he had no practical 
end in view. 

With some special lamps of his own 
design made at the Edison and Swan 
Lamp Works, Fleming began a series 
of thorough experiments to learn more 


about the curious phenomenon. His re- 
sults were disclosed in two papers pub- 
lished early in 1890, in which he gave 
full credit to the earlier work of Edison, 
Preece and the Germans. Fleming re- 
peated some of the earlier experiments 
and also devised new ones in an attempt 
to discover the basic features of the 
mystifying vacuum currents. 

Fleming tried a variety of electrode 
arrangements [see top illustration on 
page 110], including the use of glass and 
metal shielding cylinders around the fila- 
ment legs. He devised lamps with exten- 
sion tubes, double-ended tubes, heated 
carbon loops for collectors and center- 
tapped filaments; with them he used 
external circuits incorporating batteries 
and capacitors as well as a galvanometer. 
Fleming even demonstrated the Edison 
effect in open air by placing a metal col- 
lector plate inside an exposed carbon 
loop. 

Through these and later experiments 
Fleming became familiar with the phe- 
nomenon of current flow through a vac- 
uum. His results supported earlier find- 
ings and established unilateral conduc- 
tivity as a basic property of an evacuated 
space containing a heated negative elec- 


actually the first to achieve high-frequency rectification in 1904, The 
chart also shows the link between Fleming’s 1905 paper and Lee De 
Forest’s early work, which led to the invention of the thermionic 
triode. Some of De Forest’s early devices incorporated open gas 
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flames. With one exception drawings of various tube geometries 
were adapted from original sources. The drawing of the Goldstein 
tube, for which no authentic source is available, is based on con- 
temporary tubes and represents a type likely to have been used. 
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SKETCHES OF EARLY INCANDESCENT LAMPS appear in Edi- 
son’s notebooks. The entry recorded as Experiment No. 1l and dated 
February 13, 1880 (top left), shows a glow lamp with a “small 
horseshoe” carbon filament and a wire probe designed to detect 
the flow of current through the evacuated space of the lamp (the 
Edison effect); it is probably the first illustration of the bulb that 
eventually became the electron tube. The sketch is signed by 
Charles Batchelor, one of Edison’s assistants. The entry for July 
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5, 1882 (top right), shows a wire electrode inserted through the top 
of the bulb. The sketch dated March 8, 1883 (bottom left), shows a 
lamp with a flat plate between the legs of the filament loop. An 
entry made on March 10, 1883 (bottom right), illustrates a similar 
lamp with a list of metals to be tried as the cold electrode. Edison 
later abandoned his efforts to find the cause of the Edison effect, 
and the investigation was taken up by Fleming. The photographs 
were made at the Edison National Historic Site in West Orange, N.J. 


trode and a colder positive plate. Al- 
though Fleming thus prepared himself 
for the invention of the oscillation valve, 
he did not advance any new theories or 
suggest any practical applications for 
the phenomenon or his special glow 
lamps. He observed in one paper that 
this field of research was “a region 
abounding in interesting facts and prob- 
lems in molecular physics.” Neverthe- 
less, he chose to drop his investigations 
for several years and took up other 
matters. 

Late in 1895 Fleming once more re- 
turned to his current-carrying lamps and 
initiated an exhaustive series of experi- 
ments in which he worked with several 
new models as well as earlier ones. He 
presented his new results (“A Further 
Examination of the Edison Effect in 
Glow Lamps”) at a meeting of the Physi- 
cal Society on March 27, 1896. In this 
lengthy paper (profusely supported with 
diagrams, graphs and tables) Fleming 
described nearly 30 experiments. 

Fleming coined the term “molecular 
electrovection” to denote the convey- 
ance of electric charge by moving mole- 
cules. Molecules dispersed from a glow- 
ing electrode were at that time (1896) 
commonly regarded as being the charge 
carriers in the Edison effect. It was not 
until a year later that J. J. Thomson dem- 
onstrated the existence of the electron. 
Fleming clearly described and explained 
unilateral conductivity, as well as the 
rectifier action (although he did not 
name it) of a lamp operated by alternat- 
ing current. If the word “electron” is 
substituted for “negatively charged mol- 
ecules,” his paper is a familiar descrip- 
tion of the elements of thermionic emis- 
sion, but of course he was ahead of his 
time. 

In the last half of the 1890’s Fleming’s 
careful experiments were scarcely noted 
in the press, which was full of news 
about the X rays that Wilhelm Konrad 
Roentgen had discovered in 1895 and 
the wireless telegraph system that Mar- 
coni had demonstrated a year later. 
Fleming’s work seemed to be leading no- 
where. With Edison’s sharp intuition, or 
the deep perception of Thomson, or per- 
haps more freedom from pressing duties, 
Fleming could have leaped into the 20th 
century simply by combining the ele- 
ments of his lamps. He could have sug- 
gested the possibilities of using his glow 
lamp as a rectifier for small currents, and 
since he had built lamps with two an- 
odes, he might have demonstrated full- 
wave rectification as well as half-wave. 
Even more important, he could have 
placed a zigzag wire (which he had put 
into one of his models) between the oth- 


er electrodes (just to find out what would 
happen, as Edison would probably have 
done) and thereby have anticipated Lee 
De Forest in inventing the three-element 
vacuum tube. None of these leaps, how- 
ever, would have been characteristic of 
a man as methodical and cautious as 
Fleming. Although he conducted and 
documented a series of thorough and 
well-conceived experiments that appar- 
ently covered all aspects of electrical 
conduction in a vacuum, he did not ven- 
ture beyond his own experimental lim- 
its. Once again, for the sixth time in 
16 years, the curious glow lamp was put 
aside and forgotten. 


(ye the next three years wireless 
telegraphy was commercialized. In 
1899 Fleming became technical adviser 


to the newly established Marconi’s Wire- 
less Telegraph Company, a post that 
added to his heavy obligations as pro- 
fessor of electrical technology at Univer- 
sity College London. At the end of the 
century he was busy designing the power 
system for Marconi’s new experimental 
wireless station at Poldhu in Cornwall. 
The detector of radio waves in those days 
was an erratic device known as a coherer, 
a metal tube filled with iron filings. This 
was followed by several kinds of elec- 
trolytic detector and by Marconi’s mag- 
netic detector; both were superior in 
some respects to the coherer, but they 
were not satisfactory for regular and 
dependable service. A new and better 
detecting device, or signal rectifier, was 
urgently needed. 


Fleming, a first-rate electrical engi- 


REPLICA of Edison’s experimental lamp of 1883 shows the simple carbon-filament-plus- 
metal-plate construction of the original. Conceived of by Edison as a voltage indicator, a 
working model of this lamp was built in the summer of 1883 and was demonstrated in 1884 
at an electrical exhibition in Philadelphia. The patent for this lamp, granted to Edison in 
October, 1884, was the first patent in electronics. The replica was lent by Vance Phillips. 
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THREE EXPERIMENTAL LAMPS were made by Fleming in 1889 
in the course of his investigations of the Edison effect. The assem- 
bly at left contains a metal screening cylinder around one leg of 
the filament as well as a metal plate inside the loop. The lamp at 
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FLEMING’S LETTER TO MARCONI, written in November, 1904, 
revealed Fleming’s discovery of the rectifying capability of his 
tube. The key lines in the letter, shown here, read: “I have found 
a method of rectifying electrical oscillations, that is, making the 
flow of electricity all in the same direction, so that I can detect 
them with an ordinary mirror galvanometer. I have been receiv- 
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center has a zigzag of wire inside the loop; the one at right has a 
metal plate inside the loop. It was this third lamp, inserted in a 
wireless telegraph receiving circuit by Fleming in his crucial 1904 
experiment, that was actually the prototype of his oscillation valve. 
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ing signals on an aerial with nothing but a mirror galvanometer and 
my device, but at present only on a laboratory scale. This opens 
up a wide field for work, as I can now measure exactly the effect 
of the transmitter. I have not mentioned this to anyone yet as it 
may become very useful. Yours very sincerely, J. A. Fleming.” 
Both photographs were supplied by the Marconi Company Limited. 


neer, lecturer and textbook author, rig- 
orously applied classical methods in his 
work. It was therefore natural for him 
to ponder the general problem of making 
quantitative measurements in the new 
high-frequency apparatus. He sought 
ways of accurately measuring and eval- 
uating the circuits and devices that were 
coming into service in wireless systems. 
Fleming tried the common aluminum- 
carbon electrolytic cell and found that 
it, like other detectors, was unsuitable 
for precision measurements with direct- 
current meters at radio frequencies. 

In considering the problem of convert- 
ing a feeble oscillatory current into a di- 
rect current that could actuate a record- 
ing instrument, Fleming later recalled 
that he had had “a sudden very happy 
thought”: he perceived that his lamp was 
“the exact implement required to rectify 
high-frequency oscillations.” The device 
he needed, neglected and all but forgot- 
ten, was sitting in one of his laboratory 
cupboards. Would such a lamp work at 
Marconi’s new high frequencies? Would 
it be sensitive enough to operate on the 
extremely low voltages available in a 
wireless receiving circuit? Finally, could 
it be used to measure, as well as to de- 
tect, feeble currents oscillating at high 
frequencies? 


np hess questions were soon answered. 

The inventive act was now nearly 
complete; all that remained was to unite 
the strange lamp with a suitable circuit 
and prove that it would work. Within a 
few hours a simple spark-coil oscillator 
and a resonant receiving circuit compris- 
ing one of the lamps were set up. The 
actual lamp that Fleming worked with 
was one of the 1889 models that had a 
flat plate supported between the legs of 
a single-loop carbon filament. It was vir- 
tually the same as Edison’s lamp of 1883. 
The experiment was an immediate suc- 
cess; Fleming had discovered a new kind 
of high-frequency rectifier, one that was 
eminently suitable for detecting wireless 
signals. 

This memorable event took place one 
afternoon in October, 1904. Fleming 
was considering the geometry of the col- 
lecting electrode that would be most ef- 
ficient. He decided on an open metal 
tube (not unlike the shielding cylinders 
in some of his 1889 experiments) that 
would surround the entire filament. The 
following day he placed an order with 
the Ediswan Lamp Works for a quantity 
of special lamps, each with a metal cylin- 
der around the carbon filament. These 
lamps, which Fleming soon called oscil- 
lation valves, were the first thermionic 


vacuum diodes [see bottom illustration 
on next page]. 

Early in November, Fleming wrote 
Marconi: “I have been receiving signals 
on an aerial with nothing but a mirror 
galvanometer and my device” [see bot- 
tom illustration on opposite page]. On 
November 16 he filed a provisional ap- 
plication for a patent on “Improvements 
in Instruments for Detecting and Mea- 
suring Alternating Electric Currents.” 
This application made direct reference 
to the use of a galvanometer and a two- 
element lamp—the first vacuum tube in 
an electronic circuit—as a receiving in- 
strument in wireless telegraphy. Flem- 
ing’s master patent was granted on Sep- 
tember 21, 1905 [see top illustration on 
next page]. 

Fleming lost no time in presenting his 
discovery to his professional colleagues. 
His paper “On the Conversion of Elec- 
tric Oscillations into Continuous Cur- 
rents by Means of a Vacuum Valve” was 
read at a Royal Society meeting on Feb- 
ruary 9, 1905, and was published in 
March. Fleming discussed the rectifying 
power of the valve and showed charac- 
teristic curves relating cathode-anode 
current and applied voltage (up to 100 
volts) at three different filament voltages. 
He also proposed water cooling for the 
anode to increase the “rectifying efficien- 
cy.” Fleming’s hopes were only half- 
realized, however; although he had in- 
vented a new wireless detector, it failed 
him as a device for measuring high- 
frequency currents. 

In his patent Fleming did not describe 
the mode of electrical conduction in his 
valve; he referred only to “negative elec- 
tricity.” Nonetheless, in his paper he em- 
ployed “electron” and “free electrons” in 
describing how conduction took place. 
Fleming was the first to use the word 
“electron” popularly in referring to mi- 
nute negative charges or particles (also 
called negative ions or negative corpus- 
cles) in a paper titled “The Electronic 
Theory of Electricity,” first published by 
the Royal Institution in 1902 and subse- 
quently reprinted in The Popular Sci- 
ence Monthly. “Electronic” thus en- 
tered the technical literature before the 
advent of the first practical electron 
tube. 

In 1906, at the peak of his career, 
Fleming published The Principles of 
Electric Wave Telegraphy, an encyclo- 
pedic treatise that became the foremost 
textbook for practitioners at all levels 
in the new communication field. In 
this book Fleming described his oscilla- 
tion valve as one kind of “vacuum tube 
cymoscope,” a generic name that he in- 


troduced with his invention of the cy- 
mometer, an instrument for measuring 
the length of electric waves. Curiously, 
Fleming now omitted all reference to 
electrons in describing the flow of cur- 
rent from the carbon filament to the met- 
al cylinder in his valve; instead he spoke 
of a flow of “negative electricity.” Nor 
did he refer to the theory of thermionic 
emission, published in 1901 by O. W. 
Richardson, in spite of its relevance to 
his own work. Fleming made various im- 
provements in his valves early in 1905, 
and they went into actual service for the 
first time at Poldhu in the summer. The 
Marconi organization began manufac- 
turing Fleming valves in 1907 and in- 
corporated them into much of its equip- 
ment for several years thereafter. 


Fe inventions can have brought their 

inventors so much distress, disap- 
pointment and trouble as the oscillation 
valve gave Fleming. His patent and his 
interests in it immediately became the 
property of Marconi’s Wireless Tele- 
graph Company under the terms of his 
contract. Before his “glow lamp detec- 
tor,” as it was sometimes called, had a 
chance to prove its value it was supplant- 
ed by the “cat’s whisker” crystal rectifier, 
which was first employed in 1906. (The 
crystal rectifier was the first solid-state 
device in electronic technology.) In later 
years, when thermionic valves were be- 
ing produced by the millions annual- 
ly, Fleming, perhaps understandably, 
showed a sour side of his nature because 
he had not received any financial reward 
for his pioneer labors. Moreover, “his 
valve,” although it was modified and 
improved a thousandfold by others, was 
the predecessor and (in his mind) the real 
source of a booming industry. 

The man who reaped some of the 
fame and fortune that Fleming consid- 
ered his due was Lee De Forest, one of 
the most enterprising and determined ra- 
dio pioneers among the Americans. In 
1904, the year Fleming applied for his 
British patent, De Forest was 31 years 
old and had decided to establish a wire- 
less system of his own free from patent 
domination by others, particularly Mar- 
coni. De Forest was obsessed with the 
idea that “a gaseous medium,” main- 
tained in a condition of “molecular ac- 
tivity,” could serve as an “oscillation 
responsive device,” in other words, as a 
detector of wireless signals. 

In a series of patent applications ex- 
tending from November, 1904, to the 
end of 1906, De Forest embodied his 
ideas in a variety of devices that changed 
from open gas flames to electrodes en- 
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MORE EFFICIENT GEOMETRY was adopted by Fleming in the drawings of the oscilla- 
tion valve that accompanied his original British patent application in 1904. The design 
incorporates an open metal cylinder (c) that surrounds the entire filament (b). Electrons 
emitted by the filament moved to the cylindrical plate when the cylinder was positively 
charged by a signal from the antenna (n). A galvanometer (l) was employed to indicate 
the arrival of a signal. The patent also included diagrams of a full-wave rectifier with 
two valves connected to a differential galvanometer, and three valves connected in parallel. 


PRODUCTION MODEL of the Fleming oscillation valve is one of the 12 original thermi- 
onic diodes manufactured at the Ediswan Lamp Works near London in October, 1904. 
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closed in glass bulbs. About the middle 
of 1905 Fleming became aware of a De 
Forest device not unlike one of his own. 
In response Fleming called De Forest’s 
attention to his Royal Society paper of 
the previous March. This move by Flem- 
ing, obviously a warning that De Forest 
was poaching on Fleming’s preserve, 
was the beginning of a lifelong feud be- 
tween the two men. 

The situation got worse when De For- 
est described his experiments in a discur- 
sive and hazy paper presented to the 
American Institute of Electrical Engi- 
neers on October 26, 1906. This paper 
(“The Audion”) also appeared in Scien- 
tific American Supplement in November 
and December, 1907. Unfortunately De 
Forest was wrong about several histori- 
cal matters and slighted Fleming by 
making only a passing and inaccurate 
reference to his work. Fleming never for- 
gave De Forest for his lack of generosity 
or for his “exploitation” of the basic 
thermionic diode. Fleming maintained 
to the end of his life that De Forest had 
merely added a piece of bent wire to “his 
valve.” 


BK in 1907 De Forest applied for an 

American patent on a wireless tele- 
graph receiver that disclosed the first 
three-electrode tube with a control ele- 
ment (a zigzag piece of wire) located be- 
tween the filament and the plate. The 
tremendous importance of this twin in- 
vention—the grid triode and its basic 
circuit—was not perceived by the in- 
ventor or his contemporaries for sev- 
eral years. Suddenly, between 1911 and 
1913, a new technology emerged: triode 
circuits became amplifiers and oscilla- 
tors, adaptable to both radio and tele- 
phone systems. 

The new technology grew to maturity 
as radio broadcasting became a part of 
everyday life, followed by television, ra- 
dar, the electronic digital computer and 
a host of other applications for the ubiq- 
uitous electron tube. In the deepest 
sense these technological advances were 
launched by Fleming’s “very happy 
thought” and his quick verification that 
an old idea could serve new ends. There 
can be no doubt that if he had not de- 
vised the thermionic diode, someone else 
would have done so soon afterward. Still, 
Fleming was the man who took the im- 
mortal first step. In giving the world the 
first practical electron tube he not only 
justified his patient guardianship of the 
Edison effect but also provided an im- 
portant transitional link between the age 
of electric power and the age of elec- 
tronics. 


